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This professional paper examines methodologies which might be employed by using a 
GIS that incorporates allocate/location models to locate urban parks within a specified 
neighborhood of a small city. PAMAP 4.2 GIS, a product of the PCI Pacific Solution 
Inc., was chosen for the study primarily because of its modeling capabilities. Three 
allocate/location models, the Maranzana, the Teitz and Bart, and the Hillsman and 
Rushton, which are built into PAMAP 4.2, were tested on a single neighborhood in 
Missoula, Montana.
The goal was to test the validity o f using the allocate/locations models that have been 
built inside of the GIS in order to find optimum locations for urban parks. The method 
used involved locating one to five pocket parks consecutively within each of several 
predesignated units within the study area so that the aggregate travel time could be 
minimized for the residents living there. Results showed that each of the models 
positioned parks in the same locations within each predesignated unit of the study area. 
This most likely occurred because there were limiting numbers of vacant parcels within 
each predesignated unit within the study area and because each of the models objectives 
were similar. Despite the similar results produced by the models, parks were still placed 
in the most optimal locations so that average travel time and cost for residents to reach 
them could be kept to a minimum.
In general, the methodologies introduced in this study reveal ways in which new 
computerized technologies might be used by town planners to improve land use 
decisions.
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CHAPTER 1
INTRODUCTION 
General Background
Geographic Information Systems1 (GISs) are becoming the wave of the future for land 
use planners. The new technology abounds in most planning agencies to perform tasks 
such as zoning, land use classification, transportation planning, land suitability analysis, 
and site planning to mention only a few.2 This proliferation of GIS applications in 
planning is supported by an optimistic belief in its capabilities and benefits. As the 
capabilities of GISs have increased, so have their uses in planning, until presently, they 
permeate almost every aspect of the planning process.
One of the more recent developments in planning is the use of GISs that employ 
allocate/location models for the placement of public facilities.3 Public facilities are best 
situated if they are placed in locations that will maximize the coverage of demands. In 
other words, they should be ideally placed to meet the needs for the most people within a 
given area by minimizing the travel distance and the time needed for accessing these
*A definition o f Geographic Information Systems appears on pages 6-9 and more thoroughly in 
Chapter Two on page 21.
2
Budic, Zorica D., “ Effectiveness o f Geographic Information Systems in Local Planning,”
APA Journal, (Spring 1994), 244.
3Allocate/location models are discussed briefly on pages 5-6 and more thoroughly in 
Chapter Two along with the three allocate locations models used in this professional paper.
1
facilities. This principle is especially important for city planners to understand as they 
strive to offer equivalent public facilities to as many people as possible at the lowest 
possible cost.
Urban parkland is one public facility that would seem to be ideally suited for the use 
of allocate/location modeling. There should be enough parkland to satisfy the 
recreational needs of the residents and it should be close enough to be reasonably 
accessible either by motorized conveyance, by bike, or by foot. Over the years, 
considerable effort has been spent ensuring that there is sufficient parkland in American 
cities for the residents involved, but little attention has been given to the issue of whether 
or not the parks are located appropriately. In part, this is because the appropriate tools for 
doing the required locational analysis have not been available until fairly recently; most 
have been developed only during the last 25 years. Moreover, most of the best, recent, 
allocate/location modeling techniques employ complex, iterative mathematics which had 
to wait until they could be computerized before becoming practical. This has happened 
only during the last decade. Lastly, such modeling techniques show greatest promise if 
they can be linked with a GIS—a process that is only now underway and by no means 
complete.
Because allocate/location modeling linked to a GIS is a technique that has not been 
used widely by planners, and because the method shows excellent promise for 
applications in facility planning, this professional paper endeavors to explore its uses.
This is done by choosing a GIS which has several allocate/location models linked to it 
and by using this system within the parameters of a case study. The topic chosen is the
3
location of pocket parks, and the location for the case study is a residential neighborhood 
of Missoula, Montana.4
Urban Parkland
Nearly 30 years ago, the National Recreation and Park Association (NRPA) set a 
national standard of ten acres of parkland for every 1,000 persons residing within an 
urbanized area.5 This standard was presumed to be the goal for which every community 
should strive. For most urban areas, however, the standard was unrealistic; nevertheless, 
it was adopted by many communities as their official policy. All too often this policy 
only tended to frustrate planners, administrators, consultants, citizen boards, 
commissions, and elected officials who struggled to implement it. More often than not 
the standard either provided for too much or too little parkland; it was not sensitive to the 
individual needs o f communities.6
Today the NRPA no longer supports the original standard just described. In its place, 
the organization has introduced a new system called the “Level of Service” (LOS). The 
LOS is expressed as the acres per 1,000 population which represents “the minimum 
amount of ground space needed to meet real time recreation demands of the citizens of a 
community.”7 Essentially, the LOS is determined by analyzing the recreation supply and 
demand of a community, and by then calculating the level o f service that is needed (see
4Pocket parks are defined and discussed on page 37 of Chapter Three.
5National Recreation and Park Association, Park, Recreation, Open Space and Greenway 
Guidelines, NRPA Printing Office (1966): 57-58.
6Ibid, 60.
7Ibid., 49.
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Appendix 1). This allows each community to create a standard that is appropriate for its 
particular situation rather than having to rely on a national standard which may be 
unrealistic.
Some communities rely on other methods to determine parkland needs. For instance, 
subdivision developers in Missoula, Montana are required by law to contribute either a 
portion of the property they intend to develop as parkland or make an equivalent donation 
in cash which can be used by the community to acquire parkland8 (see Appendix 2). The 
percentage of land set aside for parks is based on the size of the subdivision and the 
number of parcels included within it. The land or cash obtained in this manner is then 
used to acquire; develop, and maintain parks.
Either the LOS or any one of a variety of park dedication requirements set by 
individual communities might be used to ensure that there is enough parkland to satisfy 
the needs of the people residing there. But, these standards do little toward determining 
whether the parks have been located appropriately in relation to the population they are 
intended to serve. For example, a developer may set aside the required percentage of 
developable land as park space. However, if that land is located in a far and relatively 
inaccessible comer of the subdivision, then its utility is severely limited because the 
residents are required to travel farther than necessary to enjoy their parkland. Most 
community standards for establishing parkland, including both the LOS and other 
individually determined requirements, do not provide for locational standards for parks.
8Montana Legislative Services Division, Montana Code Annotated, Title 76-3-621 (1997), 1320-
1321.
Parkland may end up being scattered in random locations that are not ideally situated for 
the residents involved.
Planning Park Locations with Allocate/Location Models
While some attempts have been made for establishing standards governing park 
location, none of these have been widely used or accepted. This is unfortunate because 
the techniques needed for locating parks have been around for quite some time. 
Allocate/location models, for example have been in existence for more than 40 years. 
These models were created originally either to locate commercial facilities or to allocate 
customers to these facilities according to various optimizing criteria such as minimizing 
average travel time. However, they are equally useful in helping to optimize the location 
of public facilities such as urban parks. One of the notable early pioneers of 
allocate/location models was Basheer M. Khumawala.9 The model that he created was 
actually built with the location of parks in mind. The main objective of his model was to 
locate parks so that the average distance traveled per person might be kept to a minimum 
and so that distance traveled could be kept within a certain specified amount o f time.10
Two other notable pioneers of allocate/location models were Michael Teitz and Polly 
Bart; they developed a computer algorithm that locates supply sources, such as parks, at 
candidate locations using what they called an “interchange” procedure.11 Essentially, the 
model starts with a predetermined number of supply sources, and through a series of
9Khumawala, Basheer M., “An Efficient Algorithm for the p-Median Problem with Maximum 
Distance Constraints,” Geographic Analysis, 5 (October 1973), 309-21.
10This model is more thoroughly discussed on page 20 o f Chapter Two.
1 'Teitz, Michael B. and Polly Bart, “Heuristic Methods for Estimating the Generalized Vertex 
Median o f a Weighted Graph,” Operations Research, 16 (1968).
transitions seeks to relocate or swap the initial locations with other non-supply candidate 
locations until no further improvements can be made. The results place supply sources in 
locations that will minimize aggregate travel time.12
Alfred Kuehn and Michael Hamburger were two other researchers who did early work 
on allocate/location models. They developed a two-part model that came to be known as 
the “greedy” problem.13 The first part of the model located facilities one at a time until 
no additional facilities could be added without increasing the total costs. The second part 
attempted to improve the solution derived in the first part by getting rid of individual 
facilities or by shifting them from one location to another. The objective of both parts 
was to find the locations that would result in the least cost and travel time.14
The three models discussed above have the same objective in common: they seek to 
improve the placement of public facilities by minimizing either travel time, or travel cost, 
or both. These are commendable goals. It is important that parks be located so that the 
residents can use them for recreation within a reasonable distance and at minimal 
expense.
Linking Allocate/location Models with GIS
Today, allocate/location models such as those described above are being used as some 
o f the tools found within GISs. A GIS is a computer-based system that has been designed 
to work with geographic information. It is an extensive computer program that has the
12This model is more thoroughly discussed on pages 28-29 o f Chapter Two.
13Alfred Kuehn and M. Hamburger, “A Heuristic Program for Locating Warehouses,”
Management Science, 9 (1963).
14This model is more thoroughly discussed on pages 19-20 o f Chapter Two.
ability to store, retrieve, display, analyze and manipulate large amounts o f data which are 
spatially referenced to the earth in order to create maps, graphs, and tabular displays that 
are useful in many decision making processes.15
Generally, GISs allow users to perform data entry, data processing, database 
management and analysis, spatial analysis, and cartographic and tabular display all in one 
interactive computer environment.16 Moreover, most advanced GISs allow for extensive 
user customization. However, not all GISs are designed around the same principals or 
have the same capabilities. For example, some GISs perform data manipulation and 
analysis but not to the extent of solving complex spatial analysis problems such as 
exchanging data between layers, calculating area, creating buffers, forming networks, and 
implementing sophisticated modeling tasks. A few advanced GISs have the ability to 
accomplish virtually all o f these jobs, but many can perform only some of them.
It is only recently that allocate/location models have been incorporated into GISs. All 
of these models require the manipulation of vast amounts of data in an iterative manner. 
Consequently, only a few of the more advanced GISs have them. Essentially, the GIS 
allows for data storage, retrieval, and data analysis and manipulation while the models 
provide the mathematical algorithms needed to accomplish the allocation and location 
tasks needed for siting facilities.
Models have been coupled to GISs in several different ways. Two of the most
15Lee, J., “Map Design and GIS: A Survey o f Map Usage Amongst GIS Users,” The 
Cartographic Journal, 32 (June, 1955), 33.
^Environmental Systems Research Institute, Planning and Managing Your GIS, Colville, 
WA (April 1, 1995), 2-4.
f
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common systems have been termed “loosely coupled” and “strongly coupled.”17 In a 
loosely coupled system, the GIS acts as “a spatial data store and display engine” for the 
models and their software.18 In this instance, the programs for the GIS and the model are 
only linked by sharing the input and output systems. In a strongly coupled system, the 
models are actually built inside the GIS and act as integral parts of it. This type of system 
avoids the difficulties inherent in trying to link two separate programs and has the 
advantage of expanding the number of analytical tools available for both.
Since the introduction of allocate/location models into the GIS environment is a 
relatively recent development, not all of the obstacles involved in their implementation 
have been removed. This problem has been magnified by the large number of models 
that are potentially available and which GIS users would like to see integrated into their 
systems. Moreover, many of these models (and in particular the allocate/location models) 
use flow and temporal data in an iterative manner.19 Unfortunately, most GISs do not 
handle these kinds of data and operations very well.
There are several GISs, however, that have successfully been linked with models of 
the sort just described. In this study, a GIS that has three built-in (strongly coupled) 
allocate/location models will be used to locate parks within a specified neighborhood of 
Missoula, Montana. The study area in question will be a residential neighborhood that 
has inadequate park space to meet the needs for the number of residents involved.
!7Batty, Michael, “Urban Modeling in Computer-Graphic and GIS Environments,”
Environment and Planning B: Planning and Design, 19 (1992), 667.
18Harris, Britton and M. Batty. “Locational Models, Geographic Information and Planning 
Support Systems,” Journal o f  Planning Education and Research, 12 (1993), 192.
19Ibid.
Problem Statement
One way to test the validity of an allocate/location model in a GIS might be to use it
in an actual case study and then assess the results. As mentioned previously, this is the
method that was chosen for the research project discussed in this paper. A GIS, in this
instance PAMAP 4.2, was used to select potential park sites within a specified
neighborhood of Missoula, Montana.20 The selection was done several times, each time
employing a different allocate/location model that has been strongly coupled to PAMAP
4.2. Consequently, the objective was to test the validity of using allocate/location models
in PAMAP 4.2 by subjecting them to a case study and then analyzing the results. These
goals and methods are summarized in the following problem statement:
The purpose of this professional paper is to test the validity of using 
allocate/location models that have been strongly coupled to a GIS in order to 
find optimum locations for urban pocket parks. Toward this end, a specific 
neighborhood in Missoula, Montana has been chosen as a case study. Three 
different allocate/location models found in PAMAP 4.2 are used to find the 
potential locations for pocket parks within this neighborhood.
PAMAP 4.2 is a GIS consisting of a number of modules and subsystems that are
accessed through a graphic user interface consisting of an assortment of windows and
icons that can be activated and manipulated with a computer mouse. One of PAMAP’s
modules is called “Networker” which allows the computer to trace and measure
transportation routes. These tracings and measurements can be used to produce the data
that are needed to employ the allocate/location models.
The three allocate/location models that have been strongly coupled to PAMAP 4.2 are
the Maranzana, the Teitz and Bart, and the Hillsman and Rushton. The names of the
20PAMAP 4.2 is a GIS that was created by PCI Pacific Solution Inc. (alias Essential 
Planning Systems, Ltd.), Saanichton, B.C. Canada, 1995.
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models come from their creators, all of whom made significant early contributions to 
allocate/location modeling during the 1960s and 1970s. Each of their models is based on 
the ̂ -median concept which seeks to locate p  supply centers that can minimize the 
aggregate travel distance separating them from a set of demand points.21 The objective of 
each of the models is to minimize average travel time between the “demand” and the 
“supply.” In this case study, the “demand” is the residents and the “supply” is pocket 
parks. Consequently, if  the objective is met, the parks will be located so that average 
travel time is minimized for the residents.
An Overview of Methods
The methods employed in this professional,paper are each covered in detail as they 
are encountered in the following chapters. However, an initial overview of some of them 
may help the reader to understand the parameters of the study and the ways in which 
various pieces fit together.
Before the research could be done, it was necessary to learn about allocate/location 
models and GISs. The literature was searched and the more important allocate/location 
models were studied. Since one of the goals of the project was to test the validity of 
allocate/location models in GISs, several well recognized texts and a selection of other 
general sources concerning models were consulted. Of course, since the allocate/location 
models found in PAMAP 4.2 were chosen for the study, this program and its particular
2lThe /7-median concept was developed in the 1960's by the separate works o f Leon Cooper,
S. L. Hakimi, and F. E. Maranzana. This concept was created so that multiple supply sources could be 
located in a network. Generally, the objective o f /7-median problems is to reach some optimizing criteria 
such as minimizing average travel time, minimizing maximum travel distance and time, maximizing net 
income, etc. The /7-median concept is more thoroughly discussed on page 15 in Chapter Two.
models were studied in considerable detail. The results of this work are presented in 
Chapter Two.
Before the allocate/location models found in PAMAP 4.2 can be made to work, 
considerable data must be acquired and fed into the computer. Regarding the project at 
hand, a study area had to be selected which was large enough to produce meaningful 
results but small enough that the computer would still work efficiently. Land uses needed 
to be researched to ensure that there was an appropriate mix of residential and other uses 
including vacant lots which potentially could be made into parks within the area. The 
types of parks, pocket parks, and the standards governing them in Missoula, Montana 
also needed to be researched. Next, an appropriate base map in electronic format needed 
to be found and entered into PAMAP 4.2 where it could be corrected and updated. Only 
then could the program be used to create the appropriate network of roads and generate 
the necessary demand and supply data which would allow the allocate/location models to 
be run.22 These major topics and several minor ones are considered in Chapter Three.
Chapter Four describes the employment of the allocate/location models and their 
results. Conclusions are drawn in Chapter Five along with limitations and future studies.
22 Networking and generating the demand and supply data are discussed on pages 46-51 in Chapter
Three.
CH APTER2
ALLOCATION/LOCATION MODELS AND GIS 
Allocation/Location Models
Definition
In an allocation or location paradigm, one or more service facilities, such as parks, 
serve a spatially distributed set of demands such as those made by people who might 
choose to use the parks.23 The objective of an allocate/location model employed within 
such a paradigm is to locate service facilities and/or allocate customers to service 
facilities in order “to optimize an explicit or implicit spatially dependent objective.”24 
Common criteria that might be employed by such a model include minimizing average 
travel time or average cost, maximizing net income, minimizing average response time, 
minimizing maximum travel time and cost, maximizing minimum travel time and cost, 
and maximizing average travel time and cost.25
Applications
Researchers have designed allocate/location models for a variety of applications.
23M. L. Brandeau and S. Chiu, “ An Overview o f Representative Problems in Location 
Research,” Location Research, 35(6) (June 1989), 646.
24Ibid.
25Ibid.
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Perhaps the greatest differences exist between those designed for the private and public 
sectors.26 Private sector applications include locating: warehouse and manufacture 
centers; distribution points for private service vehicles, such as taxicabs; private service 
center locations, such as gas stations; potentially hazardous facilities, such as nuclear 
power plants; and obnoxious sites such as garbage dumps. Public sector applications 
include locating: emergency facilities, such as fire and police stations; public service 
centers, such as waste treatment plants and health centers; public network facilities, such 
as water treatment networks; and, residential neighborhoods.
History
Location theory was developed as a discipline that addressed questions relating to the 
spatial organization of human activities.27 One of the first pioneers of location theory was 
Alfred Weber who introduced his concepts in a publication in 1909.28 Weber sought to 
create a normative model of industrial location which would help to find “the most 
efficient point of production between raw material sources and market locations”29 The 
model was based on a system of geometrical procedures which were used to find a 
location that would minimize the total cost o f transporting raw materials and finished 
goods.30 Although his model seemed to work well for industries dependent on only one
26Ibid„ 647.
27Avijit Ghosh and G. Rushton, Spatial Analysis and Location-Allocation Models (New York,
NY: Van Nostrand Reinhold Company, 1987),1.
28Alfred Weber, Uber den Standort der Industrien (Alfred Weber’s Theory o f  the Location of 
Industries) (Chicago, IL: University of Chicago, 1909).
29Ibid.
30Ibid.
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or two raw materials and relatively simple market situations, Weber later realized that it 
could not be used for complex or multi facility transport cost cases. Over the next fifty 
years, Weber and other researchers attempted to overcome this problem, but came up 
with disappointing results.
Another early model researcher, Harold Hotelling, also an economist, formulated 
another location theory. Unlike Weber, Hotelling considered spatial competition in his 
location theory. For example, Hotelling considered locating competing businesses along 
a straight line and assumed that consumers choose a seller based on price and cost of 
transportation, not just by central location of the business itself.31
Most of the early theories developed in the 1950s and 1960s dealt primarily with 
separate specific applications; none of them were intended to comprise a unified theory.32 
The specific applications included such things as the location of manufacturing 
industries, land uses, firefighting vehicles, solid waste disposal sites, track checking 
stations on rail lines, and others.
By the mid-1960s, Weber’s problem of locating multi facilities and solving more 
complex locational problems came to a turning point. Individual works by Leon 
Cooper,33 S.L. Hakimi,34 and Maranzana,35 sparked the start of this turning point. Cooper
31Harold Hotelling, “Stability in Competition,” Economic Journal 39, 45.
32M. L. Brandeau and S. Chiu, 645.
33Leon L. Cooper, “Location-Allocation Problems,” Operations Research 11, 331-43.
34S. L. Hakimi, “Optimum Locations o f  Switching Centers and the Absolute Centers and 
Medians o f  a Graph,” Operations Research (1964)12, 450-59.
35F. E. Maranzana, “On the Location o f Supply Points to Minimize Transport Costs,”
Operational Research Quarterly (1964)15, 261-70.
extended Weber's model as one supply point, to include p  number of supply sources. His 
work resulted in the well known /7-median allocate/location model.36 The main objective 
of the p-median problem was to locate p  servers on a network in order to minimize travel 
distance between servers and demand points.37 Both Hakimi and Maranzana, took the p- 
median one step further to include the idea of a median in a weighted graph in a discrete 
network.38 This new development of the /7-median problem greatly enhanced the range of 
situations in which allocate/location models could be applied, especially in situations 
where more complex location problems such as how multi facility locations on a network 
might be applied.
Throughout the rest of the 1960s and the 1970s, much effort was directed at designing 
progressively more effective computer algorithms which might be extended to a variety 
of applications using various methods. For instance, models were created for continuous 
networks where there was no constraint on the number of demand points and/or servers, 
and, models that were created for discrete networks where there were constraints on the 
number of demand points and/or servers. Also, there were models used to find either 
optimum or merely acceptable solutions. Last, there were models created for the location 
of one facility as contrasted to models that were created for the location of multiple 
facilities.
Sparked by the works of model researchers, other disciplines became interested in the
36Avijit Ghosh and G. Rushton, 2.
37M.L. Brandeau and S. Chiu, 650.
38Hakimi’s idea o f a median in a weighted graph in a discrete network is more thoroughly 
discussed later in this chapter on page 18 under the section ‘Model Examples.’
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application of models to problems involved in their fields. For example, land use 
planners at this time needed more than regulations, codes, and legislative enactments in 
order to deal with the growing complexities of cities and to help control their futures. 
They looked to researchers in the area of location modeling to provide the means for 
finding a more rational and objective understanding of their cities. This process has 
slowly transformed the world of planning as an offshoot of “architecture” to a new form 
of planning which might better be called an “applied science.”39 It has been said that this 
evolution was the "ambitious expression of the desire to 'understand' as thoroughly as 
possible the intricate mechanisms of urban development, and by virtue of this 
understanding to forecast impending problems and to help control the future of cities."40
Computers, also new to planning in the 1960's, made the use of urban models a viable 
concept. The models that planners wanted to use required storage for large amounts of 
data, robust data retrieval methods, and the ability to make rapid calculations. Of course, 
all these are things that computers do very well. It was very exciting for model 
researchers to have the potential to specify relationships in mathematical form, and to 
trace out the implications by using a computer. This gave them the opportunity to 
discover many unexplored frontiers of the new field and to form newer and better models.
Large scale urban models became the first computer-based models used for allocating 
land uses, transportation, and related acti vities to the subregions of metropolitan areas.
By the early 1970s, however, criticism concerning these large scale models began to be
39Richard E. Klosterman, “Large Scale Urban Models: Retrospect and Prospect,” APA Journal 
60(1) (Winter 1994), 4.
40Michael Wegener, “Operational Urban Models: State of the Art,” APA Journal 60(1) (Winter 
1994), 17.
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raised. The most notable writing in the area of urban model criticism was Douglass Lee's 
"Requiem for Large Scale Models" in which he sited the "seven sins of large-scale 
models."41 Generally, the sins reflected that the models were too vague and too general to 
be useful to decision makers. The article was so influential that most large scale 
modeling pioneers retreated to other more familiar fields of activity or back into the 
world o f academia for the next twenty years.42
Today, however, the modeling field is once again on the rise in the planning world. 
Computer speed, accuracy, and data availability are permitting much more detail and 
realism in urban modeling. At present, there are more than twenty university 
laboratories, public agencies, or private firms on four continents that are actively 
researching and developing urban models.43 In addition, there are more than a dozen 
operational urban models that are being applied in varying degrees to actual metropolitan 
regions for research and policy analysis.44
Some of the more popular computer systems supporting models today are decision 
support systems (DSSs), expert systems (ESs), and GISs. A DSS is an interactive 
computer based information system that aides decision makers in addressing semi­
structured problems by allowing them to access and use data with analytic models.45 ESs
41Quoted in Douglas Lee, “Retrospective on Large-Scale Urban Models,” APA Journal 60(1) 
(Winter 1994).
42Michael Wegener, 17.
43Ibid., 18.
44Ibid.
45M. K. El-Najdawi and A. C. Stylianou, “Expert Support Systems: Integrating AI 
Technologies,” Communications o f  the ACM  36(12) (December 1993), 55.
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are also computer based but employ the knowledge of one or more professional experts in 
a narrow problem domain and can solve problems in that domain matching the expert’s 
level of performance.46 Although ESs provide the means for quantitative modeling, they 
are now being successfully used in conjunction with quantitative models.47
One of the most recent and potentially exciting interests of model researchers and city 
planners is the use of GISs for carrying out urban analysis. Currently, GISs offer many 
functions for strategic planning such as address matching, overlay analysis, and database 
linking. These innovations make the possibilities o f using GISs, which embrace models 
relating to urban planning, a new and potentially successful field of study.
Model Examples
Three well-known /7-median models are described below in order to provide a more 
complete understanding of allocate/location models and their applications. These three 
have been chosen because they are the most holistic in approach and are among the better 
known among allocate/location models in use today.
1. S. L. Hakimi’s Optimum Distribution of Switching Centers48 This model uses the p- 
median approach to solve the problem of finding the optimum location of a switching 
center in a communication network and, also, to find the best location for a police station 
in a highway network. The theory is that a switching center should be located at a vertex
46lbid.
47Theo A. Arentze, A. W. J. Borgers, and H. J. P. Timmermans, “An Efficient Search 
Strategy for Site-Selection Decisions in an Expert System,” Geographical Analysis 28(2) (April 1996), 
140.
48S. L. Hakimi.
of the communication network so that the total length of wires might be kept to a 
minimum. The theory for the police station is somewhat similar, but its location should 
be positioned so that maximum distance from the station to the areas served is kept to a 
minimum.
The model takes into consideration what are called absolute centers and medians of a 
weighted graph. Essentially, weights are attached to vertices and branches on a graph; 
through a series of calculations the absolute median and center are found. The absolute 
median of a graph may be identified with the optimum location of a switching center in 
mind, and the absolute center, of a graph may be identified with the optimum location of 
the police station in mind. Absolute median is used to minimize average travel time and 
absolute center is used to minimize maximum travel time.
2. Alfred A. Kuehn and Michael J. Hamburger’s Hueristic Program for Locating 
Warehouses49 This model, also called the “greedy” problem, outlines the algorithm of a 
heuristic computer program used for locating warehouses—it is broken into two parts.50 
The first part, “the main program”, locates warehouses one at a time until no additional 
warehouses can be added to the distribution network without increasing total costs. The 
second part, “the bump and shift routine, ” runs after the main program is complete and 
“attempts to modify solutions arrived at in the main program by evaluating the profit 
implications of dropping individual warehouses or of shifting them from one location to 
another.”51 Essentially, warehouses are located incrementally until p  facility locations are
49Alfred Kuehn and M. Hamburger.
50Ibid„ 645.
5'ibid.
i|
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chosen. The objective at each stage is to find the location that results in the least 
incremental cost.
There are three principal heuristics used in the program.52 The first is that locations 
will be at or near concentrations of demand. The second heuristic locates warehouses one 
at a time, adding at each stage of the analysis that warehouse which produces the greatest 
cost savings for the entire system. The third heuristic evaluates in detail only a small 
subset of all possible warehouse locations at each stage of the analysis to determine the 
next warehouse site to be added.
3. Basheer M. Khumawala's Efficient Algorithm for the/>-median Problem With 
Maximum Distance Constraints53 This algorithm is similar to Hakimis’, but includes 
maximum distance (time) constraints to the /^-median problem. Khumawala specifically 
designed this model with locating medical clinics, schools, parks, and libraries in mind. 
The main objective is to locate these particular facilities so that average distance traveled 
per person is kept to a minimum and so that the maximum distance a person has to travel 
is kept within a certain specified amount.
The model consists of solving a problem by using two different methods and taking 
the better of the two solutions.54 The two methods are called the "delta” and the 
“omega.” The delta method consists of computing the minimum savings (in terms of 
population distance) attainable by each facility, if the facilities were to be opened. The
52Ibid.
53Basheer M. Khumawala.
54Ibid„ 313.
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facility with the least minimum savings is then closed. In turn, the savings of the other 
facilities are affected and need to be recomputed. This process is repeated, and if  at any 
stage the minimum savings o f any facility is high, it is left open. This is done because 
closing such a facility would lead to an infeasible solution.
The omega method “consists of computing the total savings a facility would yield if it 
were opened relative to only those facilities which are already open at this stage.”55 
Computation is done by taking into account the number of demand points each opened 
facility must serve.
This model produces a combination of solutions. Kumawala describes the situation in 
the following terms, “one obtains curves of average distance traveled versus the number 
of facilities for a given amount of time a person must travel or versus the maximal 
distance constraint for a given amount of facilities.”56 These curves can then be utilized 
in finding the optimum number and locations of the facilities to be created.57
Geographic Information Systems
Geographic Information Systems (GISs) are computer-based systems that are used to 
manipulate and store geographic information.58 Geographic information refers to data 
that are spatially referenced to the Earth's surface, also called georeferenced data. GISs 
incorporate some of the best principles of computer analysis, such as relational database
55Ibid.
56Ibid., 309.
57Ibid.
58Stan Aronoff, Geographic Information Systems: A Management Perspective (Ottawa,Canada: 
WDL Publications, 1993), 1.
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management and elementary spatial operations. Many GISs also provide a certain 
amount of user-friendliness through the use of windows, icons, menus and pointer 
interfaces
Generally, GISs provide four sets of capabilities to handle georeferenced data. They 
are: 1) input, 2) data management and retrieval, 3) data manipulation and analysis, and 4) 
output.59 However, not all GISs are designed around the same principles or have the 
same capabilities. While a wide variety of useful computerized tools for map 
presentation and analysis are marketed as GISs, only a few of them truly warrant that 
description.60
1. Input. This involves gathering the information which is entered into the GIS. 
Normally, the GIS converts the data and writes it to a database so it appears in readable 
form. Data input can be accomplished by keyboarding, digitizing, scanning, remote 
sensing, or by using existing digital data made by public and private organizations.
Two types of data can be entered: spatial data and data for non-spatial attributes. 
Spatial data, also called georeferenced data, are data that are spatially referenced to the 
Earth's surface. They are in the form of points, lines, or polygons that represent features 
on the surface of the earth. Points can be part of a line or can represent actual points on 
the surface of the earth such as the location of wells or power poles. Lines, also called 
vectors, represent anything having linear form, such as roads or railroad tracks. Polygons 
are areas such as regions, states, counties, forests, and buildings. Non-spatial attribute
59 Ibid, 19.
60J. Levine and J. D. Landis, “Geographic Information Systems for Local Planning,” APA 
Journal (Spring 1989), 210.
data are termed “non-spatial” because they do not possess any locational information. 
For example, a road can be digitized as a line—the results are spatial data. Next, the GIS 
can be used to enter data that describe the road, such as its length, whether it is paved, or 
if it is an interstate highway, etc.—the results are attribute data or non-spatial data. The 
GIS user has the ability to attach non-spatial attributes to the spatial data through a 
process called geocoding. The overall result is to create a road layer which is attached to 
an attribute database.
2. Data management and retrieval. This capability of a GIS controls the way the 
database is structured and accessed.61 In order for the GIS to effectively store, retrieve 
and manipulate large volumes of data it needs a formal database structure which can be 
created and controlled by the user. Although, there are various types of data structures 
employed among the various GISs, it is important that they provide accurate and rapid 
data management.
3. Data manipulation and analysis. These are among the strongest components of a GIS. 
Indeed, they make up the difference that separates a GIS from other computer mapping 
systems such as computer-aided mapping (CAM) and computer-aided design (CAD). 
Both of the later possess considerable flexibility in data retrieval, rescaling, and 
windowing during the production of maps, but they are ineffective when it comes to 
analyzing spatial relationships among the features of the different layers.62
Data manipulation and analysis are comprised of many different GIS capabilities (see
61Manfred M. Fischer and P. Nijkamp, “Geographic Information Systems and Spatial Analysis,” 
The Annals o f  Regional Science 26(1992), 7.
52Kenneth Dueker, “Geographic Information Systems and Computer-Aided Mapping,” APA 
Journal (Summer 1987), 384.
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Table 1). For example, overlay operations are sophisticated characteristics of a GIS 
because they allow users to analyze different scenarios by integrating and comparing the 
data between multiple layers. Classification is another important capability of a GIS 
since it provides the ability to sort data into categories without having to modify the 
geographic location of features or create new spatial entities.63 Other capabilities, such as 
networking and modeling are analytical procedures of a GIS that can be of use to specific 
users such as city planners. While these may be. available as stand alone programs, they 
are most useful if they can be used in conjunction with the other functions o f a GIS.
Table 1.—Examples .of Manipulation and Analysis in a GIS64
GIS Function Example
Maintenance of Spatial Data -Transforming data in the correct format 
into the GIS
-Registering each layer to the same 
coordinates so that they are geometrically 
aligned
-Transforming the map projection that is 
commonly used in the user’s discipline 
-Reconciling the positions of 
corresponding features in different data 
layers (Conflation)
-Adjusting the position of features that 
extend across map sheet boundaries (Edge 
Matching)
-Editing features i.e. line snapping, 
removing slivers caused by overlaying 
polygons that do not match
63 Stan Aronoff, 206.
64Ibid., 196.
Table 1.—Continued
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GIS Function Example
Maintenance of Non-Spatial Data -Updating attributes by adding or 
deleting records in the database 
-Retrieving data about a feature, also 
called querying.
Analysis of Spatial and Non-Spatial Data -Retrieval, classification and 
measurement of features and data 
-Overlay multiple layers 
-Evaluating characteristics of the area 
surrounding a specified feature or 
location, ex. totaling the number of 
houses within a voting district or 
measuring length of all roads that cross 
within the city limits 
-Topographic functions i.e. slope, 
aspect, elevation, creating contour lines, 
and digital elevation models 
-Connectivity Functions i.e. measuring 
or evaluating contiguous areas, creating 
buffers, forming networks, creating view 
sheds and perspective views
Data manipulation and analysis also include data maintenance. Data maintenance 
involves spatially aligning features, updating, correcting line overshoots and undershoots, 
and matching features between layers so that they line up when overlaid.65 These 
processes will prevent inaccurate results which may occur later.
4. Output. Output from a GIS can be handled in several ways. Of course, there is always 
the generated paper map. Paper maps can be very useful to exhibit existing or predicted 
situations. Other outputs include generated digital maps that are displayed on the 
computer monitor. These can also be useful when only a simple glance is needed.
65An overshoot is a where a line slightly goes past another line. An undershoot is where a line is 
just short o f meeting another line.
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Another useful output is generated in the fomi of reports or lists of data. These can be 
useful in those cases where figures or statistics are needed.
PAMAP 4.2
PAMAP 4.2 is a complete GIS package that allows for data input, data management, 
data manipulation and analysis, and data output.66 These operations are done in a 
windows driven environment consisting of 14 modules within a main menu box. The 
modules are accessed by clicking on them and then by selecting between a number of 
options available that are associated with each module. One of the modules is Networker 
which forms networks and allows the user to employ the allocate/location models as they 
relate to networks.
Networker Module
A network is a number o f lines connected together with each line linked to a vector 
database. The form network option within PAMAPs Networker module brings up a 
dialogue box in which the user specifies how the network is to be created and applied.
Once the network is established, the allocate/locations models can be administered by 
clicking on the allocate/locations option located in the Networker module. Essentially, 
allocate/locations examines a set of nodes on a network and minimizes distance or travel 
cost between supply and demand nodes.67 In this study the supply will be parks and the 
demand will be residents within the study area.
66PAMAP 4.2 is a GIS that is manufactured by PCI Pacific Solutions, Inc. (alias Essential 
Planning Solutions, Ltd.) in Ontario, Canada. It is taught at the University o f  Montana in Missoula, 
Montana and is utilized throughout the United States by many professional agencies.
67Essential Planning Systems, Ltd., PAMAP 4.2 Reference Guide (EPS Ltd. Press), 18-15.
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The allocate/locations option in the Networker module is specifically designed to 
handle /^-median problems. The /t-median problem seeks the locations of p  supply centers 
that minimize the aggregate distance that separates them from a set of demand points. The 
formulation of this problem in the 1960s was a critical event in the development of the 
allocation/location literature and has since been applied to a wide variety of problem 
contexts.68
Allocate/Location Models
PAMAP allows the user to choose between three models used in solving the p-median
problem. The PAMAP Guide Book advises the user to pick the model that best suits the
problem at hand to ensure efficiency and accuracy of the resulting solutions.69 The
following is an overview of each of the models contained in PAMAP.
1. Maranzana Algorithm. The task of this model is to locate supply points optimally with
respect to transport costs. The model assumes that:
...if transport costs are uniform and linear with respect to distance, the total 
transport cost is proportional to the sum of the distances from the supply points to the 
cities served, each weighted by the volume of shipments.70
In this model, an arbitrary number of supply points are placed on a network and a
series of iterations are applied to minimize aggregate travel time/cost. The Maranzana
model then partitions the network into subsets to be served by these sources. This is
accomplished by associating each point with its nearest source. Then, the center of gravity
68Avijit Ghosh and G. Rushton, 2.
69Essential Planning Solutions, Ltd., 18-15.
70Ibid., 261.
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of each set in the partition is determined and the original sources are replaced by these 
points. The process is repeated until the source points do not change. The results show 
the optimal location of p-supply centers for each subset so that transport costs are kept to a 
minimum.
2. Teitz and Bart. The task of this model (also called the “interchange” problem) is to 
locate a given number of supply sources at candidate locations so as to serve the demand 
points in an efficient manner.71 The model assumes that each demand point is fully served 
by the supply source located closest to it so that distances to each supply source is 
minimized.72
To find an efficient location of supply sources, the problem follows an “interchange” 
procedure. It begins with a given number o f supply sources and, through a series of 
transitions, seeks to relocate or swap locations with other non-supply candidate locations 
until no further improvement is possible.
A weighted graph is used to find the absolute median. The absolute median is used to 
minimize average travel time/cost. Essentially, weights are assigned to vertices on a 
graph, and through a series of calculations the absolute median is found for each supply 
source.
This problem is similar to the “greedy” problem because they both work by arbitrarily 
selecting several locations from an allowable set of points and by then relocating them. 
Each time new location points are substituted which yield greater improvement, until no
7IM. Horn, “Analysis and computational Schemes for p-Median Heuristics,” Environment and 
Planning A 28(9) (September 1996), 1700.
72Ibid.
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more improvements can be made. The “greedy” problem, however, locates supply points 
one at a time until the least time/cost is found. The “interchange” problem, on the other 
hand, arbitrarily chooses a location pattern and then interchanges locations, one by one, 
until the least time/cost is found.
3. Hillsman and Rushton.73 The task of this problem is similar to the Teitz and Bart 
“interchange” procedure because it also seeks to locate a given number of servers at 
candidate locations so as to serve the demand points in an efficient manner. However, this 
model takes the problem one step further by incorporating a maximum distance constraint 
on the demand nodes. In other words, Hillsman and Rushton apply the same 
“interchange” procedure as the Teitz and Bart, but include a maximum distance constraint 
between a consumer and his or her nearest supply center.
The maximum distance constraint is applied in a weighted graph. For instance, “large 
values are placed, (in the weighted graph),whenever a possible source vertex is not within 
the given distance constraint of the corresponding demand node.”74 This does not occur in 
the Teitz and Bart algorithm where the absolute median is found without maximum 
distance constraints.
Overall, the objective of these three well known models are the same—that is they all 
seek to minimize average travel time/cost. The strategy of reaching this overall goal, 
however, varies slightly between each of the three models. The Maranzana Algorithm 
starts with an arbitrary number of supply points on a network and through a series of
73E. Hillsman and G. Rushton, “The p-Median Problem with Maximum Distance Constraints: A 
Comment,” Geographical Analysis 7(1975), 85-90.
74Ibid., 85.
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iterations it seeks to locate them in the most optimal locations. The Teitz and Bart 
Algorithm also starts with an arbitrary number of supply points on a network, but it seeks 
to relocate or swap locations with other non-supply candidate locations until no further 
improvements can be made. Last, the Hillsman and Rushton uses the same strategy as the 
Teitz and Bart, but it includes a maximum distance constraint between a consumer and his 
or her supply center.
CHAPTER 3
DATA ACQUISITION AND EDITING 
Study Area
The study area is located within the urbanized area of Missoula, Montana (Map 1). It 
was chosen after several meetings with Missoula parks planner Brian Maiorano.75 Mr. 
Maiorano expressed his concern for the chosen area because it contains only one 
developed park, Franklin, which is approximately 1.3 acres in size.76 In his estimation, 
the one park does not satisfy the recreational needs of the 8,100 residents living within 
the area.77
Another reason for choosing the area is that it comprises a distinct neighborhood 
which is easily set off from the areas which surround it. The chosen area is mainly 
residential with either man-made or natural barriers surrounding it.78 To the west is 
Reserve Street which is a five-lane business route. To the north is the Clark Fork 
River. On the east side is Russell Street, a two-lane arterial. Last, to the south, running
75Brian Maiorano, interview by author, July-September 1996, Missoula, note taking, Missoula 
County Office, Missoula, Montana.
76Franklin Parks acreage was calculated using PAMAP’s measuring capability.
77The amount o f residents was determined by totaling the population with the study area using 
the 1990 Census Block data within PAMAP.
78By conducting a reconnaissance survey o f the area and by using the Missoula County’s land 
use maps, it was determined that this area is mostly residential.
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Map I. Study Area
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from northeast to southwest, are the railroad tracks of Montana Rail Link. These barriers 
have the effect of isolating the residents of the neighborhood from alternative recreational 
facilities located in other parts of the city. This is particularly true for those residents 
who must travel either by foot or bicycle.
Two high traffic streets, South Avenue and Third Street, cross through the study 
area.79 These two streets form interior barriers that inhibit residents from crossing them 
regularly. Because of this, and because of the lack of computer memory to run the 
allocate/location models, the study area was broken into three smaller units (Map 2).80 
Unit One is located south of South Avenue, Unit Two is located between South Avenue 
and Third Street, and Unit Three is located north of Third Street, thus allowing parks to 
be located within each unit so that residents would'not have to cross these busy streets in 
order to reach other parks.
The overall study area contains approximately 8,100 persons within approximately 
1,430 acres.81 The residents are mainly a lower to middle class families who live in a mix 
of small houses, apartment buildings, duplexes, multiplexes, and trailer parks. Also, 
there are various vacant lots scattered throughout the study area that could become 
potential park sites (Map 3). Most of the busier streets, such as Reserve Street, South
79City o f Missoula, The Missoula Bike Map (1984). According to this map, South Avenue and 
Third Street are high volume traffic streets.
80Initially, the study area was not broken into units. However, PAMAP would not run the 
allocate/location models because the computer did not have enough memory to employ such a large 
network. Therefore, the study area was broken into units so that PAMAP could run the models with 
smaller networks.
81The total acreage o f the study area was calculated using PAMAP’s measuring capability.
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Map 2. Study Area Units
S auth Avenue
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Map 3. Vacant Lots
SqfritH A^enne
S^utb Avenue
Vacant Lots = C3
1/2 1 Mile
T a e id  1 Acres
1 0.460
2 2.000
3 0.418
4 1.435
5 0.755
6 0.810
7 0.390
8 4.788
9 1.898
10 1.273
11 3.685
12 1.248
13 4.838
14 2.863
15 2.805
16 1.750
17 4.783
18 0.395
19 0.328
20 0.240
21 0.240
22 0.303
Total 37.705
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Avenue, Third Street, and Russell Street, contain commercial businesses. These business 
streets only increase traffic, making it a busy and crowded neighborhood.
Within the study area, there are three grade schools: Emma Dickinson, Sussex, and 
Franklin. Emma Dickinson and Franklin grade schools provide open playground 
facilities for children. Sussex also has a playground, but it is only accessible during 
school hours. Besides these three school playground areas, Franklin Park is the only 
designated city park within the study area. Franklin Park lies on the comer of Tenth and 
Kemp in Unit Two; it is approximately 1.3 acres in size (see Map 6, page 60). It contains 
a small baseball field, a child’s wading pool, and a covered picnic area. Under the 
Missoula County Parks and Conservation Lands Plan, Franklin Park is classified as a 
“pocket” park because it is less than two acres in size and it has few structures and little 
diversity of use.82
Overall, this one park and the three developed school playgrounds provide the total 
recreational needs for the 8,100 persons living within this area. The total amount of 
parkland, including the three school play areas, is approximately 11 acres.83 That is only 
slightly more than one acre for every 1,000 persons. Compared to the NRPA’s minimum 
standard of ten acres of parkland for every 1,000 residents, this amount of parkland in the 
study area is small.
82Missoula County Park Board, Parks and Conservation Lands Plan (1996), 2.
83The acreage was calculated using PAMAP’s measuring capability.
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Urban Parks
Pocket Parks
Although there are many different classes of parks, pocket parks will be the only type 
of parks used in this study. Based on the Missoula County Parks & Conservation Lands 
Plan, pocket parks may be described as follows:84
1. They are generally small and integrated with the adjacent neighborhoods 
that they serve.
2. They contain a low number of structures and limited diversity of uses.
3. They may provide trail linkages within the neighborhood.
4. User groups are generally small in number and live in nearby residences.
5. The size of the pocket parks is less than two acres.
The study area has very few vacant lots; most are less than two acres (Map 4). The 
few vacant lots that are larger than two acres might be ideal locations for neighborhood 
parks.
Neighborhood parks are the next class of parks that range from 2-20 acres in size. 
They contain a larger number o f structures and a greater diversity of uses than do pocket 
parks, and they may serve several neighborhoods in a community at once. Of course, 
neighborhood parks are not used in this study since there are so few vacant lots larger 
than two acres in the study area. It would be inappropriate to use models to find the 
location of neighborhood parks in a situation where there are almost no choices to make.
0 4
Missoula County Park Board, 9.
Map 4. Vacant Lots Less Than 2 Acres
Vacant Lots:
Less than 2 acres = r~i 
Greater than 2 acres = r r m
O iddnsiThird Street mrdStredfc
Franldin School
enneS6uth Avenue
3
39
Choosing The Number of Parks
Since, by definition, pocket parks are less than two acres in size, and since many of 
the vacant lots within the study area are actually less than one acre, the question arises, 
“How many parks are needed to serve the study area?” Missoula city and county 
agencies do not have a standard number of parks or a standard acreage of parks needed 
for a given population size. National standards for parkland were discussed in Chapter 
1.85 Early NRPA standards provided ten acres of parkland for every 1,000 persons.
Later, NRPA standards created a system called the “Level of Service” (LOS) which 
allowed each community to create its own standard depending upon its particular 
situation.
Assuming that the standard chosen for Missoula might approach the ten acres per 
1,000 persons set by the NRPA at the earlier date, over 40 pocket parks, each consisting 
of two acres, would be needed in order to provide adequate recreation for the 8,100 
people in the study area. Because many of the available vacant lots in the area are only 
one acre or less, the number could even come closer to 80 parks. Clearly, such a number 
is neither practical nor possible. A count by the author revealed that there were a total of 
22 open spaces which might possibly be used to develop parks including Franklin Park 
(see Map 3, pg 36). These amounted to 37.7 acres in total. Moreover, several of the 
vacant lots were clearly inappropriate for use as parks.
The smallest number of satisfactory park sites was located in Unit One south of South 
Avenue where only five potential sites were available (see Map 5, pg 57). Consequently,
85See page 3.
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it was decided to allow the models to place only up to five pocket parks consecutively for 
any of the units. This would total 15 parks and could include Franklin Park, if it was 
selected, by the models. It was decided to exclude school playgrounds from the study 
since they cannot be substituted for general recreational space. The maps of each unit 
show the acreage of each potential park site (see Map 3, pg 36).
Data Collection
Data collection included a reconnaissance survey of the study area. The survey was 
done by using a copy of the Office of Planning and Grants ownership map and by driving 
all the streets within the study area to locate vacant lots and existing parks. All areas that 
were undeveloped were marked on the ownership map as vacant lots. The vacant lots are 
used later in this study to determine the number and type of supply points.86
Data collection also included using The Missoula Office of Planning and Grants’ 
digital map of Missoula County along with several layers of related spatial data contained 
in PAMAP 4.2 GIS. This system was used to select out a subset of the map which 
displayed only the study area. The selected map was used as the base map for compiling 
spatial data from a variety of sources and for placing them into a newly created map of 
the study area. The sources of the data used from the Missoula County digital map 
included:87
86Supply points are the number and type o f potential park sites. They will described more 
extensively later in this chapter under the section titled ‘Adding Supply Data.’
87Missoula County, Missoula County Data Dictionary fo r PAMAP GIS (1994). This dictionary 
contains information about each layer and the data sources.
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1. U.S. Census Bureau’s Census Blocks with Population Data, 1990:88 These data were 
created by the United States Census Bureau at a scale of 1:100,000 using the U.S. Census 
Bureau’s Tiger Line Files to dissolve polygons to form Census Blocks. The Census 
Blocks contain data for total population, population density, and population broken down 
by voting age and race.
The total population data within the Census Blocks are used in this study to determine 
the population (demand) totals within the study area. This process is more thoroughly 
explained later in this chapter.
2. USGS Digital Line Graph Files, 1993 (DLG): These data were created by the United 
States Geological Survey at the scale of 1:100,000. They include major transportation 
systems such as roads, trails, railroads, pipelines, transmissions lines, and miscellaneous 
transportation features. The features are organized onto separate layers with no attached 
non-spatial attributes so that types of roads, trails, etc. cannot be distinguished when 
imported to the Missoula County digital map.
Only the roads and the railroad layers from this source are used in this study. The 
roads layer is used to create the road networks for each unit later on. Again, a network is 
a number of lines connected together with each line linked to a database. The 
allocate/location models are then employed using each of the road networks so that 
average travel time/cost to reach pocket parks can be minimized. The railroads together 
with the roads are used to trace the study boundary because the study boundary follows 
roads, railroad tracks and part of the Clark Fork River.
88Montana State Library, Natural Resource Information System, web page: 
http://nris.mt.gov/nsdi/nris/cb4.html.
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3. USDA Forest Service Cartographic Feature File. 1993. (CFF): These data were 
created by the Geometries Division of the United States Forest Service in Salt Lake City, 
Utah at the scale of 1:24,000. They include major roads and secondary roads. Similar to 
the USGS DLG data, the data are all placed onto one layer with no attached non-spatial 
attributes so that types of roads cannot be distinguished when imported into the Missoula 
County digital map.
The CFF data were included because they contained some roads that were not 
included in the USGS DLG data. Again, the road data were very important because they 
comprise the road networks to be used later, in this study.
4. Missoula County Surveyor’s Office, 1996: These data were provided by the 
Missoula County Surveyors Office in .dxf format.89 They were later translated into 
PAMAP’s file format. The Surveyors Office is still in the process of gathering these 
data, and as a consequence the files are constantly being updated.
Data from the Missoula County Surveyor’s Office were copied into the new map of 
the study area to help determine boundaries of the vacant parcels, the three grade schools, 
and Franklin Park which are used later in this study.
5. US Census Bureau’s TIGER Line Files. 1990 (TIGERd : These data were created by 
the US Census Bureau TIGER files at the scale of ! : 100,000. They consist of lines that 
follow lakes and streams, such as the Clark Fork River.
The northern boundary of the study area follows the Clark Fork River. Therefore, it
89The format .dxf is a ‘drawing exchange file’ format. It is a common file format that can be 
imported and edited into many other software programs. In this case, the Missoula County Surveyors 
Office used AutoCAD which is made by Autodesk, Inc. The surveyors were able to save the native 
AutoCAD file {.dwg) as a .dxf.
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was necessary to copy these data to the new map so that the Clark Fork River could be 
used to trace the northern boundary of the study area.
Creating the Map
PAMAP allows the user to create a map, choose the type of map projection, and 
determine the extent of the map. A Universal Transverse Mercator projection (zone 11) 
was chosen for the study area because it is the same one as is used for the Missoula 
County map, which ended up being the source of most of the map data for this study.
The map extent was established by querying the location of the study area in the 
Missoula County digital map and then by inserting the geographic coordinates into the 
new map. Once the map was created, the data could then be merged from the existing 
Missoula County map into the new map of the study area.
Data Editing
All data must be in the correct format before forming networks and employing the 
allocate/location models. Correcting the data involved an extensive editing of each of the 
individual spatial database files. The process included the following elements:
1. Study Boundary. The USGS DLG, USDA Forest Service CFF, and US Census 
Bureau’s TIGER Line Files were copied as separate layers into the new map. With each 
of these layers of data overlaid, the study boundary could be drawn by tracing a new line 
over Reserve Street, Russell Street, the railroad tracks running parallel to Brooks Street, 
and the southern boundary o f the Clark Fork River between Reserve and Russell Streets 
(see Map 1, page 32).
Once the study boundary was drawn and put on a new layer, each of the three units
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could be drawn. The unit boundaries were drawn by tracing new lines over Third Street 
and South Avenue (see Map 2, page 34). Each of these units was then placed on a 
separate layer.
2. Roads. The Missoula County digital map contained two different road layers that 
were produced from the USDA Forest Service CFF and the USGS DLG files. Each road 
layer contained roads that the other did not have. As a consequence, both road layers 
were merged into the new map of the study area into two separate layers. Then, by 
overlaying the two road layers and the study boundary layer, all of the roads lying within 
the study boundary were copied into a newly created third roads layer. This newly 
created roads layer contained all o f the roads from both the two previous roads layers 
situated within the study boundary. Within this third roads layer, roads within the study 
area were clipped to match the study boundary by deleting all of the lines that extended 
past the boundary. Then, both the initial roads layers used to make the new one were 
deleted since they were no longer needed.
As explained earlier in this chapter, the study area is broken into three smaller units. 
Each of these units needed to have only those roads that lie within that unit. By turning 
on one unit at a time, along with the new roads layer, the roads were clipped to fit that 
unit. The end result was three new units, each with its own layer and three new roads 
layers, one for each unit.
PAMAP has a clean line data tool located in the Cartographic Utilities module which 
was employed on each of the three units road layers. This part of the program weeds out 
redundant points, corrects overshoots and undershoots, merges endpoints, breaks lines at 
intersections and junctions, and deletes duplicate lines.
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After the road layers for each of the units were cleaned using the clean line data tool, 
a point was placed at the endpoint of every line and at every intersection of two or more 
lines. The coordinates for these points were fed into a new database called the “point 
database.” Fields were added to this database which could later contain the supply and 
demand attribute data. In addition, a point was placed at every midpoint of every road 
segment, between endpoints and intersections, and between successive intersections. 
These points were connected to a database called the “vector database” where information 
about length in miles could be stored. A vector is a “coordinate-based data structure 
commonly used to represent linear map features.”90 The data from both the point 
database and the vector database were subsequently used by the allocate/location models 
to locate pocket parks so that average travel time/cost for the residents could be 
minimized. Again, the models needed to have these databases in order to calculate where 
the best location o f pocket parks might be.
3. Census Blocks. The 1990 Census Block layer, along with its attribute database, was 
clipped to fit within the study area boundary. Since the Census block data layer consisted 
of polygons rather than lines, it was never intended to be used as an actual part o f the 
network. Instead, it was used to record population (demand) data within the point 
database of the road networks. As described above, there is a point at each endpoint and 
at each intersection in the roads layer. The coordinates for these points are connected to a 
point database in which total population (demand) is recorded along with information 
about pocket parks (supply). The population and pocket park data are then used by
^Environmental Systems Research Institute, Inc., Understanding GIS (Redlands, CA, 1994), 
Glossary-50.
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PAMAP’s allocate/location models along with the network data in order to locate pocket 
parks so that travel time/cost for the residents might be minimized. The process of how 
these data were recorded and entered into the point database is explained in more detail 
later in this chapter.
4. Vacant Lots. Using the paper map from the reconnaissance survey, vacant parcels 
were traced in PAMAP using the subdivision and road layers as a reference. The vacant 
parcel layer was then made into a separate layer. Like the Census Block layer, the vacant 
parcel layer was never intended to be used as an actual part of the network. Instead, it 
was used to record data about the pocket parks (supply) within the point database of the 
road networks as well. The process of how this data was recorded into the point database 
is also explained in more detail later in this chapter.
Forming the Networks
Once each of the units road layers had been edited, forming individual networks was 
possible. A network is defined as a number o f lines that are connected together, each 
being linked to a record in a database.91 An example o f a network similar to the one used 
in this study would be a road network in which each segment o f a road is linked to a 
record in a vector database. The database contains information about each road segment, 
such as its length. In this study, however, not only is each segment o f road connected to a 
vector database, but each intersection and endpoint of the road segments is connected to a 
point database. Again, the point database contains the supply and demand data.
Forming such a network is necessary so that all roads and the associated data can be
91 Essential Planning Systems, Ltd., 18-1.
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interconnected into one system. This enables the models to be used to perform the 
calculations and iterations within the network that are necessary in order to perform the 
analysis.
Recording Demand Data into the Point Database
Once each of the three networks was formed for each unit in the study area, total 
population (demand) data could be added to each of the unit’s point databases. The 
demand data simply denotes the weighted population around each point within the roads 
layer. Again, the model uses the demand data at each point so that average travel time 
and cost to reach the parks can be minimized.
The first step was to analyze how population was to be assigned to the points in 
the point database. As recorded by the U.S. Census Bureau, population is associated with 
census blocks at the Census Block level. However, in order for the data to be entered into 
the point database, they needed to be assigned to each network intersection in a manner as 
truly representative of the population of the surrounding blocks as possible. Therefore, a 
weighted sum method was preferred over averaging the population around a point, 
totaling population around a point, or figuring population density for each point. Taking 
the average of the population around a point, for instance, does not give a true 
representation of the average situation because it is influenced by extreme values.
Totaling the population around a point, also, does not give true representation because 
other surrounding points would need to share some of the same population data as the 
other points. Lastly, population density would also not give a true representation of the 
population because a basic premise of the study is to find out how many people might
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become potential users of the new parks. Knowing the number of people per square mile 
who might become potential users is no help.
The weighted sum approach, on the other hand, gives a truer representation of the 
data. In this case, the total population of each census block is divided by the number of 
surrounding points on the road network giving a weighted population to each census 
block. Each point then, is given a weighted sum of the population by totaling the 
surrounding weighted populations of each census block. This method virtually eliminates 
the arbitrariness o f deciding which point gets what proportion of the population data.
Using the average approach will produce the same results as the weighted sum 
approach only in an area where streets are perpendicular resulting in square or rectangular 
lots. However, in this study the roads are not all perpendicular, rather, the lots are of 
many different sizes and shapes. The weighted sum approach takes different lot shapes 
into consideration by counting the points around each lot and dividing that number into 
total population to create better representation of the population. Whereas, the average 
approach would sum the total population of the surrounding irregularly shaped lots of 
which produces a different result from that o f a weighted sum approach. This different 
result is influenced by low and high extreme values which do not always produce 
representative results.
Adding Supply Data
Once the demand data had been successfully compiled for the point database of each 
unit, the supply data needed to be gathered as well. This involved adding another column 
of data (another field) to the point database titled “Supply.” (see Appendix 3)
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As PAMAP performs network analysis, the basic assumption is that every node or 
intersection in the network is not only a supply location, but that it is also a potential site 
for a demand location. In other words, every street ending and every street intersection in 
each of the study areas units might be the potential site for a park. Of course, this cannot 
be the case for several reasons. 1) A potential park site is an area, not a street node; thus, 
only the node located closest to the area in question could be chosen to represent the 
potential park site. 2) Most of the nodes in each study area unit are not located next to 
potential park sites. Consequently, these nodes must be disqualified; they are located 
next to areas which are not suitable candidates for the location of parks. 3) Some of the 
areas may already be parks. These are not suitable candidates for the location of new 
parks either, although they must be taken into consideration while locating new parks.
PAMAP allows the user to choose between four different types of park locations 
including supply-fixed (SF), supply-movable (SM), candidate (C), and not-a-candidate 
(NC). Each of the network nodes is classified according to these types by having the user 
type the appropriate code letters into the supply fields of the point databases for each of 
the study area units. Each of these different types is defined and discussed in the 
paragraphs which follow.
Supply-Fixed (SF). An SF point means that the models are not permitted to alter its 
location. In other words, an SF designation is where a park already exists—its location is 
fixed. Once the model is run, the program is not allowed to move it or place another park 
at that location. Consequently, the point nearest Franklin Park was given an SF to denote 
that the models in PAMAP cannot alter its location because the park already exists. It 
was determined that school playgrounds are not existing parks because some of them are
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not open to the public during school hours and all of them have facilities that are targeted 
only toward children. This study is concerned with parks for all ages; therefore, the 
school playgrounds did not receive an SF.
Supply Movable (SM). An SM point means that the models are allowed to move the park 
from a point. For instance, SM denotes a park that could be located at a point, but the 
point may not be the most efficient location after the model is run. Therefore, the model 
could move it to a more optimal location. Also, the model can shift the location of SM 
points from one point to another, but it cannot alter the number of points which have been 
given this designation. If the number of supply points is to be altered, the settings must 
be changed before running the model again.
The models used in PAMAP require that a specified number of parks be arbitrarily 
placed on the network first; hence, the use of SM designations. Once the models are 
employed, they will alter the location of those parks so that average travel time and cost 
can be minimized for the residents. In this study, one to five parks were consecutively 
located for each unit in the study area. The assignment o f each of these parks was 
designated an SM. Again, since the Missoula Office of Planning and Grants does not 
have a minimum park space requirement or number of parks per population standard and 
because there are a limited number of vacant parcels in each of the three units of the study 
area, this number of parks was chosen.
Candidate (C). C points permit the models to move SM points to these locations. In 
other words, these are candidate points that could supply a park because there is vacant 
land at or near that point. Again, all o f the those points near the vacant lots that were 
found during the reconnaissance survey received a C. In some instances, numerous
points surrounded a vacant parcel, however, only the closest point to that vacant parcel 
received a C.
Not a Candidate (NC). NC points do not allow PAMAP to move a supply designation to 
them. For instance, if all of the available ownership lots in the blocks surrounding a 
network node have already been built on, PAMAP will not consider that node for a park 
location. Therefore, it is considered a non-candidate point. In this study, all of those 
points that did not have a vacant lot in one of the blocks located next to it, received an 
NC.
A Final Look at Point Databases
Appendix 3 shows the database for Study Area Unit One. Column A in this database 
is labeled “ TAGID;” it contains the numerical identifiers assigned to each of the 
network nodes. Column B, labeled “ DEMAND,” contains the weighted populations 
that were assigned to each of the nodes. Column C, titled “SUPPLY,” lists the codes for 
the different types of potential park locations described in the preceding section. While 
the demand data and the identifiers were generated by the computer, the supply data had 
to be entered by hand since it was the result o f the user making decisions regarding the 
qualifications of each of the nodes.
The objective of PAMAP’s models is to place an arbitrary number of supply sources 
(SM) and then relocate or swap their locations with other supply candidate locations until 
no further improvements can be made, that is, until the average travel time and cost for 
each resident is minimized. Consequently, the supply field will be rearranged after the 
models have been run and placed into a new column. Appendix 3 shows several fields of
data after the “SUPPLY” column.. These columns are where PAMAP’s models place the 
newly arranged pocket park locations. These columns and their data will more 
thoroughly examined in the next chapter.
CHAPTER 4
DATA ANALYSIS AND RESULTS 
Employing Allocation/Location Models
Once the supply and demand data were entered into the point databases, each of the 
models could be applied to the road networks of the three study area units. The 
employment of the models resulted in the placement of pocket parks so that average 
travel time/cost could be minimized for the residents.
The procedure for running the models is very simple. The allocate/locations dialog 
box, in the Networker module, allows the user to type in the names of the supply and 
demand fields, and, to choose which primary and secondary model the user desires to 
employ. Once the dialog box is completed and launched, PAMAP’s models proceed to 
do a number of calculations; within minutes, the solution node fields in the point database 
are filled with the results.92
This process was performed several times for each of the three units because of the 
different potential model arrangements and the number of parks being considered. Again, 
the objective was to have each unit assigned anywhere from one to five pocket parks.
92There are no column headings labeled “Solution Node” because the models are being run more 
than once and they will need unique identifiers to distinguish the various solution results.
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Model Arrangements
In the models dialog box, PAMAP requests the user to choose a primary model and to, 
optionally, choose a secondary model. The primary model is employed first. If there is a 
secondary model specified, PAMAP uses the solution from the first run as its starting 
point and improves on that solution with the use of the second model. The PAMAP 
user’s manual states that:93
1. “...the Maranzana model will not improve the results of any of the primary
models.”
2. “...the Teitz and Bart model will improve the results o f both the other models, 
and is therefor normally the recommended selection for the secondary model.”
3. “...the Hillsman and Rushton model will improve the results of the Maranzana
model, but not the Teitz and Bart solution.”
Therefore, the arrangement for this study will be as follows (primary first, secondary 
last):94
1. Maranzana/Hillsman and Rushton. According to the PAMAP manual, the Maranzana 
must be a primary model because it cannot improve on any other model. In addition, the 
Hillsman and Rushton will improve only on the Maranzana results, but not the Teitz and 
Bart.
2. Maranzana/Teitz and Bart. Again, the Maranzana must remain a primary model 
because it cannot improve on any other model. The Teitz and Bart is normally 
recommend by PAMAP to be the secondary model, because it improves on both the other 
models.
Q 1
Essential Planning Systems, Ltd., 18-15.
94Ibid.
3. Hillsman and Rushton/Teitz and Bart. The Hillsman and Rushton model is the 
primary model since it has already been a secondary model for the Maranzana. The 
Hillsman and Rushton cannot be a secondary model to the Teitz and Bart because it will 
not improve on the results. Again, the Teitz and Bart is normally recommended to be the 
secondary model; it was already chosen as the secondary model to the Maranzana in the 
case preceding this one.
4. Teitz and Bart. The Teitz and Bart is ‘normally’ recommended to be the secondary 
model. However, this does not mean it cannot be a primary model. But if it is chosen as 
the primary model, neither the Maranzana nor the Hillsman and Rushton could be made 
the secondary model because neither will improve the results of the Teitz and Bart. 
Consequently, the model can only be run by itself.
Appendix 3 shows the columns labeled, “M A R 1T B ”, MAR1_HRC, MAR2_TB, 
etc.” These columns are where PAMAP places the newly arranged supply nodes after the 
models have been employed. In the first solution node column, “MAR1_TB”, the 
“MAR” indicates the employment of the primary Maranzana algorithm, the “1" indicates 
the number of pocket parks to be located, and the “TB” indicates the employment of the 
secondary Teitz and Bart algorithm. Again, the number of solution columns was 
dependent on the model arrangements and the one to five consecutive placement of 
pocket parks.
Appendix 4 shows a report that PAMAP created after one of the allocate/location 
models was employed on the road network of Unit One. The report shows which models 
were chosen and where to place the results (3_MAR). Level “50" indicates the layer on
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which the road network resides. The rest of the report shows the models’ iterations and 
calculations of the data until it reaches a conclusion.
Results
This section gives the results for each of the three study area units, including maps 
that depict where the models placed the potential park locations. For each unit, up to five 
parks were located consecutively using the models. In other words, the models were 
employed each time for one park, then two parks, then three parks, etc. until at the most, 
five parks were placed. The maps show the consecutive arrangement of where each of 
the parks were placed. The consecutive order of the parks is very important, because 
these are the results that the models produced which to minimize the average travel time 
and cost for the residents. Therefore, it is not recommended that park sites be randomly 
selected from the models’ chosen park sites; they need to be chosen in the priority order 
given by the models.
Unit One
Unit One is furthest south in the study area (Map 5). It is a small area consisting only 
of approximately 1,000 residents; it has no developed parkland and only five vacant 
parcels, all of which are located on the western and south eastern edges of the study area 
boundary. This limits the models into placing any potential parks in only those five sites. 
Therefore, only the first four parks were located using the models-it would not require a 
model to choose all five. This unit is unique because it contains many small houses 
between the Reserve Street to the west and the Montana Rail Link railroad tracks to the 
east. The north end of the unit is blocked by a busy route, South Avenue. Essentially,
Map 5. Unit One Results
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residents who have to walk or bike are restricted to this area for recreation because the 
railroad tracks create a barrier that is congested with commercial businesses and traffic all 
along the perimeter.
The employment of each of the models produced the same results for the placement 
of up to four parks consecutively in Unit One. They determined that the best location for 
one park (site one), would be a vacant lot located behind several commercial businesses 
that are clustered around the comer of Clark Street and Mary Street. This would place the 
park on the west side of the unit. Most likely, the models chose this site to locate only 
one park because it was most centrally located. This location would keep the aggregate 
travel time for the residents in this unit to a minimum.
Each of the models chose site one and a vacant lot near the Montana Rail Link 
railroad tracks on the comer of Kemp and Fairview (site two) for the placement of two 
parks in this area. Site two is on the far east side of the unit from site one. The models 
most likely chose site two for the second location of a pocket park because the total 
population is higher in that part of the unit compared to other potential sites around the 
area. Also, positioning the second park at that location would evenly space pocket parks 
throughout the unit.
The models chose site one, site two, and a vacant lot closer to the south end of the 
unit near the railroad tracks (site three) for the placement of three parks . This placement 
would position the three parks so that they would be fairly evenly spaced throughout the 
neighborhood.
All three models chose site one, site two, site three, and a vacant lot just north of site 
two near the railroad tracks (site four) for the placement of four parks. The placement of
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four parks would place three on the east side near the railroad tracks and one on the west 
side near Reserve Street. Most likely, the fourth park was chosen at site four because the 
population is higher in that part of the unit compared to the last site (site five) to choose 
from.
As noted above, there was no need to employ the models for the placement of five 
parks because there are only five vacant lots in this unit; the placement of the fifth park 
would be irrelevant.
Unit Two
Unit Two is the middle section of the study area (Map 6). It is the largest of the three 
units and contains among other things, approximately 5,100 residents, ten vacant lots, 
Franklin Park, and Franklin School. Similar to Unit One, this area is also surrounded by 
commercial businesses and has heavy traffic all around its perimeter. Therefore, 
residents who walk or bike are limited to recreational facilities within its boundaries.
The employment of each of the models produced identical results for the placement of 
up to five parks consecutively. They determined that the best location for just one park is 
a vacant lot near the southern end of the unit on the comer of North and Eaton (again, site 
one). Most likely, this was because the models took into consideration the location of 
Franklin Park, which is much farther north and then balanced its location with site one.
Each of the models chose site one and a vacant lot on the northeastern part of the unit 
on the comer of Ninth and Catlin (site two) for the placement of two parks. Most likely, 
the models balanced out the location of site one and Franklin Park to determine the 
location of this third site.
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Map 6. Unit Two Results
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Each of the models chose site one, site two and a vacant lot on the southern part of the 
unit on the comer of North and Johnson (site three) for the placement o f three parks. This 
third site has the effect of locating a park only three blocks straight east o f the first park. 
Again, the models probably took into consideration the location of Franklin Park and the 
higher concentrations of population near the southern edge of the unit.
Each of the models chose site one, site two, site three and a vacant lot just west of 
Franklin Park on the north end of the unit (site four) for the placement of four parks 
consecutively. This fourth site is located on the comer of Ninth and Eaton. The models 
probably chose site four for the fourth pocket park because this location would balance 
out the parks more evenly throughout the unit. In addition, this site was most likely 
chosen because there is a higher concentration of residents in the upper left hand side of 
the unit.
Each of the models placed site one, site two, site three, site four and a vacant lot 
immediately north of Franklin Park (site five) for the placement o f five parks. The 
models considered that to be the most efficient place to put the fifth park probably 
because it would be positioned closer to the center of the unit, rather than choosing one of 
the remaining vacant lots located near the western and southern edges o f the unit.
Unit Three
Unit Three is a small area consisting of approximately 2,400 residents, seven vacant 
lots and two grade schools (Map 7). Similar to Unit One and Unit Two, this unit is also 
surrounded by commercial businesses and traffic around the perimeter, except on the
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Map 7. Unit Three Results
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north end where the Clark Fork River forms the boundary. Residents who walk or bike 
are restricted to recreational facilities within this area because of these barriers.
The employment of each of the models once again produced identical results for the 
placement of up to five parks consecutively. They determined that the best location for 
one park would be at a relatively central location near the comer of Curtis and Wyoming 
streets.
Each of the models chose site one and a large vacant lot in the southwestern comer of 
the unit (site two) for the placement of two parks. Both of these park sites would be 
located along the southern edge of the unit. Most likely, these parks were placed there 
because of the high number of residents on the southern end of this unit. Again, the 
models not only took into consideration distances, but also concentrations of population 
as well.
Each of the models chose site one, site two, and a vacant lot immediately north of 
Sussex School on the southeastern side of the unit (site three), for the placement of three 
parks. This arrangement placed all three parks at the southern end of the unit. In this 
case, the models probably took into consideration the high concentrations of population at 
the southern edge of the unit.
Each of the models chose site one, site two, site three and a large vacant lot on the 
north side of the unit near the comer of Hendricksen and River Road (site four) for the 
placement of four parks. The placement of four parks in these locations balances the 
distribution of parks throughout the unit.
Each of the models chose site one, site two, site three, site four, and a vacant lot on 
the northwestern side of the unit, just west of site four, for the placement of five parks.
64
The placement of the fifth park at site five places the pocket parks evenly throughout the 
unit, as opposed to having it located in either of the two other remaining sites.
Concluding Remarks
All three units showed interesting results. This is true even though there was a 
limited number of vacant lots in each unit and even though the models all produced 
identical results. Nevertheless, the end result was that the potential park sites were placed 
in the most efficient locations so that aggregate travel time and cost could be kept to a 
minimum for the residents. With park space balanced throughout each unit, residents 
would not have to worry about traveling far or crossing hazardous barriers in order to 
reach recreational facilities outside of their neighborhood.
It is very important that park planners select park locations in each unit based upon 
the consecutive placement arrived at by the models. Choosing potential park locations in 
a random order from the maps would not give the refined results that each of the models 
was trying to achieve, that is, so that average travel time and cost for the residents might 
be minimized. Therefore, the planners should first decide how many parks are to be 
placed in each unit and then choose park locations starting with the placement of the first 
park to be given a site by the models. If more sites are needed, then the planners should 
add the second sited park, the third sited park, and so forth. Moreover, if one of the sited 
parks turned out to be unavailable, it should be removed from consideration in the point 
database and the entire analysis should be repeated.
Variations of results did not occur between the employment of different models.
Most likely, this occurred because of several reasons. First, each unit within the study
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area was small. Originally, the study area was one large unit. However, PAMAP would 
not run the allocate/location models on such a large road network where it takes a lot of 
hard drive space to employ the models. Therefore, it was necessary to fragment the study 
area into smaller units in which PAMAP could employ the models. Second, each unit 
contained very few potential pocket park sites. The study area contains many highly 
developed areas in which very few open spaces exist. Third, the objective of each of the 
models was the same—that is they each tried to minimize average travel time/cost for the 
demand. Since their goals were the same, their results were also the same.
CHAPTER 5
CONCLUSIONS, LIMITATIONS, AND FUTURE STUDY 
Conclusions
Although still in its primary stage, the combination of GISs and allocate/location 
models show excellent promise for applications in facility planning for communities all 
across the country. In this professional paper, a GIS that incorporates allocate/location 
models provided a useful instrument in attaining the goal of locating parks so that 
average travel time and cost for residents within a specified area could be minimized.
This goal was achieved because the chosen GIS provided powerful mapping and database 
capabilities needed to store and retrieve the large volumes of data required by the models. 
The allocate/location models, on the other hand, provided the complex analytical 
framework needed to locate facilities. Undoubtedly, this promising combination of 
technology and modeling methods will no doubt prove to be a plausible source of 
information for land use planners involved in facility planning.
Land use planners can also benefit from using this type of technology for other kinds 
of locational problems relating to facilities. Schools, for example, could be placed in 
areas that would minimize aggregate travel time for children. Fire halls could be placed 
in locations from which fire trucks could reach as many residents as possible within the 
least time possible. This concept is the same for other facilities such as health centers,
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waste treatment plants, polling places, and transportation centers. The same benefits 
could apply to designing water treatment facilities, creating residential neighborhood 
networks, and designing boundaries for school districts.
Overall, the idea of incorporating allocate/location models into GISs can benefit 
planners in many ways. The models, for example, can create predictive situations 
without the burden of having to calculate extensive mathematical models independent of 
the mapping tools which are clearly associated with them. Also, with the use of the GIS, 
maps can be created within reasonable amounts o f time that can provide valuable 
additional information for public meetings. With a GIS, planners can extract, query, 
overlay, and calculate data between different layers in a short amount of time.
Last, land use planners generally have many different solutions to problems and 
many different methods of attaining those solutions. By using GISs that incorporate 
allocate/location models, planners have yet another way to arrive at legitimate and 
respectable solutions that can be both effective and efficient, thus, allowing them to better 
defend land use planning decisions.
Limitations
PAMAP GIS has some discerning features that limit the user. For instance, even 
though PAMAP employs three reputable allocate/location models, they are not designed 
for anything more than minimizing average travel time and cost. One could come up 
with more varied locations if other factors were considered such as time constraints. For 
example, Missoula parks planner, Brian Maiorano, would like to see parks placed within 
a five minute walk of residents within every neighborhood which was not possible with
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these models.95 Other objectives that the models might seek is: 1) to maximize net 
income, such as optimally locating servers in order to maximize profit, 2) to minimize 
maximum travel time, such as in locating a police station, and 3) to minimize average 
response time, such as in locating fire halls.
This study was limited by the overall study area itself. For instance, the study area 
was already a developed residential neighborhood with very few vacant lots scattered 
throughout. Vacant parcels only totaled approximately 38 acres in the study area, most of 
which were located on the west side. This impeded PAMAP’s ability to optimally locate 
parks because it was limited by the scant number of vacant lots. If the study area were 
less developed with more open spaces, PAMAP would have been able to locate parks 
without the constraint of having very few vacant lots to choose from. In addition, the 
majority of vacant lots within the study area were privately owned, leaving the city and 
county the burden of purchasing them for parkland.
In general, PAMAP has some disadvantages that prolonged this study. For instance, 
PAMAP uses lots of computer space or memory. Originally, the study area was 
undivided with only one road network. PAMAP would not run the allocate/locations 
models because the computer did not have enough memory to employ such a large 
network.
Other minor limitations included the base map data that were taken from several 
different sources and did not line up correctly. For instance, when census blocks, roads 
and ownership were overlaid, the lines did not align spatially. O f course, while the data
95Brian Maiorano.
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were limited, it turned out that PAMAP did have the appropriate tools to make 
corrections.
Last, while this study had to employ a road network consisting of lines, the parks 
were areas which at best could only be represented as points on the map. This made it 
difficult to assign vacant lots to points in the network. In some cases, where two or more 
points surrounded a vacant parcel, their distance from the parcel looked similar. In this 
case, the candidate point had to be arbitrarily chosen.
Future Study
Determining study boundaries before undertaking network analysis is a very 
important step. The three units described in this study were determined after it was 
known that PAMAP could not run with limited memory on a personal computer. Unless 
more memory is placed in the personal computer, study boundaries should be kept within 
reasonable sizes. In addition, study boundaries should be congruous with city and county 
plans. For instance, if  a planner wants to place parks in every neighborhood, 
"neighborhood" should be defined and the boundaries should be drawn accordingly.
It is important that this type of analysis be employed on study areas that are not fully 
developed. In a less developed area with more open spaces, a GIS employing 
allocate/location models will be able to locate parks without being constrained as to the 
amount and size of vacant lots.
It is important that communities have parkland standards before this type of analysis 
is employed. This would enable planners to use the results more effectively and 
efficiently during the park planning process.
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Determining whether school playgrounds should or should not be considered as 
parkland needs to be analyzed. In this study the three elementary schools were not 
considered as parks because they lacked the appropriate facilities to provide recreation for 
the general public. This study was concerned with parks in general for all age groups. 
However, for other studies, it may be important to recognize schools as parks if children 
were the primary demand being considered. In addition, it would be beneficial to 
consider models for other.specific park users as well, such as the handicapped or the 
elderly. This would especially be useful in areas such as retirement villages or group 
handicap homes.
Creating or integrating other models into GIS should be analyzed and tested in order 
to reach more specialized results. This could create varied scenarios, such as maximizing 
minimum travel time, maximizing net income or minimizing average response time. 
Models such as those that take into consideration time constraints would be useful to 
planners, such as Brian Maiorano, who would like to see parks placed within a five 
minute walk of all of the residents within every neighborhood. In addition, models that 
take into consideration more complex road networks, such as those that consider one-way 
streets or travel time would be beneficial to neighborhoods that rely on cars to reach 
parks.
APPENDIX 1 
Level of Service Methodology
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The Level o f  Service 
(LOS) Approach
The LOS approach links the system s approach to the 
planning model presented in Section 1. The
methodology for determining the LOS is needs-based, 
facilities-driven, and land-measured. In its basic form
the approach presents the LOS as a function o f current, real demand for park and recreation 
opportunities. In a broader sense, it presents the LOS as an amalgam o f all relevant facilities 
and park classifications. The LOS is intended to measure general or area-wide conditions. Its 
applicability to site-specific, short-term decision-making may be limited. The LOS 
methodology is the outcome o f a strategic planning process. In its basic form the LOS is a 
function of design capacity to accommodate a specific level o f use on a set number o f facilities 
and park space within a park site. The. minimum size of the park site is ddetermined by the 
number of facilities needed to satisfy the recreation demand within the service area o f the park. 
The recreation demand is determined through needs analysis, using whatever methodology best 
fits the conditions, capabilities and resources of a community.
Although the LOS is measured in acres per 1000 people, it is based on the premise that park 
land alone cannot meet the full range o f recreation needs. Rather, the LOS is an expression o f  
the instances o f  use o f  activity areas, and the facilities that are necessary to actually satisfy 
demand. The LOS is derived by identifying the spaces and facilities required to meet the 
community real time recreation demand, and the minimum amount o f  park land  needed to 
accommodate not only the specific facilities but also the space needed for the unprogrammed 
recreation activities. This is both a subjective and objective determination which is based on 
first-hand knowledge o f  the community and how community residents use the parks.
Recreation demand is calculated by ascertaining recreation participation through use o f  a 
“menu” or “array” o f recreation activities, facilities and park areas. The menu is a list o f 
activities, programs and facilities which are being used in a community or are needed to satisfy 
the current needs, as determined through the market surveys. Using this menu o f recreation 
choices for determining the LOS is the foundation o f this methodology. This foundation 
concsists o f three steps:
1. Determining the types o f  parks, or Park Classifications, within the park system to 
which the LOS will apply;
2. Determining the typical Recreation Activity Menus for each park classification to 
which the LOS will apply.
3. Determine Open Space Size Standards for each classification for which LOS 
standards will apply. Open space size standards are, simply, the minimum acreage 
needed for facilities supporting the activity menus for each park classification. These 
standards represent not only the acreage requirements for specific areas and facilities, 
but should also reflect sufficient acreage in passive and undeveloped open space for 
quality park and recreation area design. Each community must decide what type o f  
parks to include, what facilities and spaces commonly comprise these parks, and what 
is the appropriate balance between active and passive areas in these parks. ,
Having laid the foundation using these three steps, the LOS is then calculated by five additional 
steps:
4. Determine the present supply of these recreation activity choices.
5. Determine expressed demand for these recreation activity choices.
6. Determine the minimum population service requirements for these recreation activity 
choices.
7. Determine the individual LOS for each park class.
8. Determine the total LOS for the entire park and recreation system.
The result is a needs-based, facilities-driven, and land-measured LOS that describes the 
minimum park and recreation acres needed to meet current recreation and park demand per
1,000 people.
R ecreation  F acility Supply: The purpose of determining the present supply of recreation 
activity choices is to measure facility use as it occurs. Recreation supply can be thought of as 
the inventory of all park land and recreation facilities that provide recreation activity choices. 
This measure expresses the amount of recreation demand, measured in “visits" per year, that are 
provided by a typical unit of supply, i.e. a tot lot, a tennis court, a swimming pool, an open field, 
etc. The bottom line is how many visits per year does each park area and facility accommodate?
Supply Formula:
EU x A = RFS
Where: EU = Expected Use (#Visits/Day/Unit)
A = Availability (#Days/Year/Unit)
RFS = Recreation Facility Supply (#Visits Available/Year/Unit)
Consider the following example problem:
EU (10 Visits/Day/Tennis Court) x A (365 days/Yr./Tennis Court)
= RFS (3650 Visits Available/Yr./Tennis Court)
Expected Use (EU) is typically a combination of average daily use and peak use. Determination 
of these levels o f use can be done through attendance records or observation. Regardless of how 
they are determined, it is important that the average number of visits per day reflect actual use, 
not an unrealistic or optional use. For example, a neighborhood tennis court may accommodate 
an average daily use of 10 people 60% of the time and a peak use of 15 people 40% of the time. 
EU is calculated using the following formula:
[ADU x ADU%Time] + [PU x (1 - ADU%Time)] = EU
Where:
ADU = Average Daily Use ( #Visits/Average Use Day/Unit)
PU = Peak Use (#Visits/Peak Use Day/Unit)
ADU%Time = %ADU Time/Unit (expressed as a decimal)
EU = Expected Use (#Visits/Day/Unit)
Using the neighborhood park tennis court example, the calculation of the Expected Use (EU) 
would be as follows:
Where:
ADU = 10 Visits/Day/Tennis Court 
ADU%Time = 60%, or .60 
PU = 15 Visits/Day/Tennis Court
[10 Visits/Day x .60] + [15 Visits/Day x (1 - .60)]
= 12 Visits/Day/Tennis Court
Availability (A) is simply the average number of days per year that the facility is open or 
‘'available” for public use. A park area or facility may be closed or not available for use by the 
public a number o f days per year for a variety of reasons, e.g. bad weather, preventive 
maintenance, holidays, etc. Using the neighborhood tennis court example, if
EU = 12.0 Visits/Day/Tennis Court 
A = 350 Days/Year/Tennis Court
then
RFS = 12 Visits/Day x 350 Days/Year 
RFS = 4,200 Visits/Year
Recreation Facility Supply (RFS) is also referred to as “facility capacity.” Park area and 
recreation facility capacity typically measures use as it currently occurs; however, special 
capacity guidelines are sometimes established, often to mitigate for overuse or for public 
safety. For example, a park and recreation agency may determine that the existing Recreation 
Facility Supply, or capacity, o f  a soccer field is 15,000 visits/year. The agency believes that this 
level of use is too high to maintain acceptable field conditions. In this instance, the agency may 
decide to set a lower “capacity guideline” of 12,000 visits/year to allow for field maintenance 
and rest. Whether the term “supply” or “capacity” is used, the measure determines the 
availability of the park area or facility to meet demand under reasonable circumstances.
R ecreation  F acility D em a n d :  Recreation Facility Demand is determined by assessing the 
number of times someone actually participates in a recreation activity. Actual recreation 
participation is referred to as “expressed demand,” i.e. that which actually takes place. “Latent 
demand," which is an expression of what additional participation would likely occur if more 
facilities or time, etc. were available, can also be factored into recreation demand, but it is more 
difficult to determine. This LOS approach suggests that a household survey be used, randomly 
selecting households to ask about occupants’ use and non-use of park and recreation areas and 
facilities. The survey can also obtain information on “latent demand” for participation. Other 
methods of soliciting this kind of customer information include focus groups, workshops, park 
visitor surveys, and questionnaires placed in utility bills. The bottom line in calculating 
Recreation Facility Demand is simply how many people participate and how often they 
participate in each park area and recreation facility. These figures are then adjusted to reflect 
“per capita” demand for the entire population.
A number of considerations must go into determining Recreation Facility Demand. First, it is 
important to understand who is using park and recreation facilities, specifically for each park 
and recreation area within the system. Is the demand generated by residents or are non-residents 
also using parks and recreation facilities? Second, how do you obtain accurate participation 
frequency information? Finally, is latent demand an important factor in calculating total 
recreation demand?
The Recreation Facility Demand formula is as follows:
RFD = RP x PF 
SS
Where:
RP = Recreation Participation (#Participants/Year/Unit)
PF = Participation Frequency (#Visits/Year/Unit)
SS = Sample Size (total number of occupants living in sampled households)
RFD = Recreation Facility Demand (#Visits Required/Person/Year/Unit)
Although there are different ways to measure Recreation Participation and Participation 
Frequency, a common method is to classify park and recreation customers as light users 
(Minimum 1 Visit/Year), as medium users (Minimuml Visit/Month or 12 Visits/Year), or as 
heavy users (1 visit/week or 52 visits/year). These classifications represent minimum levels of 
use rather than exact levels of use. This approach is often used because it is easier and more 
accurate for the public to describe minimum levels of participation than actual visit occasions. 
The formula for this approach is as follows:
(# Light Users x I) + (# Medium users x 12) + (# Heavy Users x 52)
Sample Size
= Recreation Facility Demand
Again, using the example of the tennis court in the neighborhood park.
Where:
# Light Users = 419 Participants
# Medium Users = 283 Participants
# Heavy Users = 178 Participants 
SS = 4500 People
(4 1 9 X 1 ) + (283 X 12) + (178 X 52)
4,500 =
2.90 Visits Required/Person/Year/Tennis Court = RFD
M inim um  P opulation  S ervice  R equ irem en t:  The minimum population service 
requirements represent the minimum number of people served per year for each park and 
facility supply unit, i.e. tot lot, tennis court, swimming pool, etc. These population service 
requirements are derived from the calculated Recreation Facility Supply and Demand numbers,
the formula for which is as follows:
RFS -r RFD = MPSR
Where:
RFS = Recreation Facility Supply (#Visits Available/Year/Unit)
RFD = Recreation Facility Demand (# Visits Required/Person/Year/Unit) 
MPSR = Minimum Population Service Requirements 
(Minimum # Persons Served/Year/Unit)
Using the Recreation Facility Supply (RFS) and Recreation Demand (RFD) figures previously 
calculated for the neighborhood tennis court, if
RFS = 4,200 Visits Available/Year/Tennis Court 
RFD = 2.9 Visits Required/Person/Year/Tennis Court
then
MPSR = 4,200 Visits Available/Year -r 2.9 Visits 
Required/Person/Year
MPSR = 1,448 Minimum Persons Served/Year/Tennis Court
Level O f  S ervice  By Park C lassification: The determination of the LOS for each park 
classification requires that Minimum Population Service Requirements be calculated for each 
activity on the Recreation Activity Menu for each park classification. The sum total o f people 
served by each activity in the park is the total population served by that park classification. The 
total population served divided by 1,000 (The LOS is expressed as # acres/1,000 people), 
divided by the park size standard (minimum park size in acres, see Park Classifications, Section 4) 
yields the LOS in acres/1,000 people.
Level O f Service By Park Classification Formula:
Park Acres/Classification -r Total Population Served
1,000 people
= Level of Service By 
Classification
Total Park a n d  R ecrea tion  System  Level o f  Service: The Total Park and Recreation System 
Level of Service is the sum of the LOS by Park Classification for each park classification. It is 
the LOS for the entire park system.
Total Park and Recreation System LOS Formula:
LOS Class 1 + LOS Class 2 + LOS Class 3 + LOS Class 4 = Total Level of Service
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*49624 MCA 76-3-621
MONTANA CODE ANNOTATED
TITLE 76. LAND RESOURCES AND 
USE
CHAPTER 3. LOCAL REGULATION 
OF SUBDIVISIONS 
PART 6. LOCAL REVIEW 
PROCEDURE
Current through End o f  1997 Reg. Sess. 
76-3-621. Park dedication requirement
(1) Except as provided in subsections (2), (3), 
and (6), a subdivider shall dedicate to the 
governing body a cash or land donation equal to:
(a) 11% of the area of the land proposed to be 
subdivided into parcels o f one-half acre or 
smaller;
(b) 7.5% o f the area o f  the land proposed to be 
subdivided into parcels larger than one-half acre 
and not larger than 1 acre;
(c) 5% of the area of the land proposed to be 
subdivided into parcels larger than 1 acre and not 
larger than 3 acres; and
(d) 2.5% of the area o f the land proposed to be 
subdivided into parcels larger than 3 acres and not 
larger than 5 acres.
(2) When a subdivision is located totally within 
an area for which density requirements have been 
adopted pursuant to a master plan under Title 76, 
chapter 1, or pursuant to zoning regulations under 
Title 76, chapter 2, the governing body may 
establish park dedication requirements based on 
the community need for parks and the 
development densities identified in the plans or 
regulations. Park dedication requirements 
established under this subsection are in lieu of  
those provided in subsection (1) and may not 
exceed 0.03 acres per dwelling unit.
(3) A park dedication may not be required for:
(a) a minor subdivision;
(b) land proposed for subdivision into parcels 
larger than 5 acres;
(c) subdivision into parcels that are all 
nonresidential;
(d) a subdivision in which parcels are not 
created, except when that subdivision provides 
permanent multiple spaces for recreational 
camping vehicles, mobile homes, or 
condominiums; or
(e) a subdivision in which only one additional 
parcel is created.
(4) The governing body, in consultation with the 
subdivider and the planning board or park board 
that has jurisdiction, may determine suitable 
locations for parks and playgrounds and, giving 
due weight and consideration to the expressed 
preference of the subdivider, may determine 
whether the park dedication must be a land 
donation, cash donation, or a combination o f both. 
When a combination o f land donation and cash 
donation is required, the cash donation may not 
exceed the proportional amount not covered by the 
land donation.
*49625 (5) (a) In accordance with the provisions 
of subsections (5)(b) and (5)(c), the governing 
body shall use the dedicated money or land for 
development, acquisition, or maintenance o f parks 
to serve the subdivision.
(b) The governing body may use the dedicated 
money to acquire, develop, or maintain, within its 
jurisdiction, parks or recreational areas or for the 
purchase of public open space or conservation 
easements only if:
(i) the park, recreational area, open space, or 
conservation easement is within a reasonably close 
proximity to the proposed subdivision; and
(ii) the governing body has formally adopted a 
park plan that establishes the needs and
Copyright (c) W est Group 1998 N o claim to original U.S. Govt, works
[79]
MT ST 76-3-621, 76-3-621. Park dedication requirement 
procedures for use o f the money.
(c) The governing body may not use more than 
50% of the dedicated money for park 
maintenance.
(6) The local governing body shall waive the 
park dedication requirement if:
(a) (i) the preliminary plat provides for a planned 
unit development or other development with land 
permanently set aside for park and recreational 
uses sufficient to meet the needs o f the persons 
who will ultimately reside in the development; and
(ii) the area of the land and any improvements 
set aside for park and recreational purposes equals 
or exceeds the area o f the dedication required 
under subsection (1);
(b) (i) the preliminary plat provides long-term 
protection o f critical wildlife habitat; cultural, 
historical, or natural resources; agricultural 
interests; or aesthetic values; and
(ii) the area o f the land proposed to be 
subdivided, by virtue o f providing long-term 
protection provided for in subsection (6)(b)(i), is 
reduced by an amount equal to or exceeding the 
area o f the dedication required under subsection 
(1); or
(c) the area of the land proposed to be 
subdivided, by virtue of a combination o f the 
provisions o f subsections (6)(a) and (6)(b), is 
reduced by an amount equal to or exceeding the
area o f the dedication required under subsection 
( 1).
(7) For the purposes o f  this section:
(a) "cash donation" is the fair market value of 
the unsubdivided, unimproved land; and
(b) "dwelling unit" means a residential structure 
in which a person or persons reside.
History: En. Sec. 9, Ch. 468, L. 1995.
<General Materials (GM) - References, 
Annotations, or Tables>
NOTES, REFERENCES, AND 
ANNOTATIONS
Compiler's Comments
1995 Statement of Intent: The statement of intent
attached to Ch. 468, L. 1995, provided: "It is the intent of the 
legislature that the department of commerce, local 
government assistance division, update its model subdivision 
rules to minimize the fiscal impacts to local governments in 
implementing this legislation."
*49626 Applicability: Section 13, Ch. 468, L. 1995, 
provided: "Funds in a park fund that exceed $10,000 as of 
[the effective date of this act] [October 1,1995] must be used 
for park land acquisition and initial development. Funds in a 
park fund up to $10,000 as of [the effective date of this act] 
[October 1, 1995] may be used for park maintenance in 
accordance with a formally adopted park plan."
Cross-References
Sale, lease, or exchange of dedicated park lands, 
7-16-2324.
Copyright (c) W est Group 1998 N o claim to original U.S. Govt, works
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APPENDIX 3 
Unit One Point Database
A B C D E F G H 1 J
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13 12 36 NC c c c c c c C
14 13 38 NC c c c c c c C
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APPENDIX 4
PAMAP Allocate/Location Report
[86]
LOCATION ALLOCATION Map name: PARKS
Level: 50
Primary algorithm: MARANZANA  
Secondary algorithm: TEITZ AND BART
FUNCTION ATTRIBUTE NAME
Selection SUPPLY 
Demand POPULATION 
Cost
Solution SOLUTION 
Assignment 
Node ID TAGID 
Report f i le : 3_MAR
LIST BY DEMAND NODES
SUMMARY
FOR THE ASSIGNMENT WHICH FOLLOWS:
TOTAL DEMAND * TRAVERSAL COST IS 1758005
AVERAGE TRAVERSAL COST TO NEAREST SUPPLY NODE IS 830
NODE SUPPLY NODE DEMAND TRAVCOST
1 42 5 1581
16 42 31 1111
15 42 43 920
3 42 9 1182
14 42 45 517
22 42 36 274
21 42 23 400
36 42 74 49
37 42 31 217
20 42 23 1325
19 42 34 1160
18 42 34 1174
17 42 11 1296
38 42 42 1196
39 42 11 1311
40 42 19 1147
41 42 8 1390
42 42 38 0
35 42 43 211
34 42 59 317
33 42 26 421
23 42 13 623
[87]
32 42 19 566
24 42 11 649
31 42 29 703
43 42 11 609
25 42 6 782
13 42 22 656
7 42 9 792
6 42 34 941
4 42 9 1149
12 42 47 723
5 42 34 979
2 42 14 1594
8 42 111 1284
11 42 13 970
26 42 11 919
30 42 36 843
27 42 13 965
45 42 21 754
44 42 8 788
29 42 6 1051
28 42 7 1140
10 0 0
9 0 0
78 42 55 1081
64 42 41 1001
63 42 16 1158
65 42 41 868
75 42 45 901
76 42 55 970
77 42 35 1040
74 42 42 741
66 42 21 629
68 42 16 550
67 42 16 608
69 42 22 387
70 42 23 502
73 42 44 662
62 42 *■* ^  JO 131
60 42 17 276
59 42 17 475
61 42 17 1083
71 42 22 801
72 42 229 915
57 42 17 1207
58 42 17 1241
56 42 17 1357
55 42 17 1437
54 42 23 1187
53 42 25 1205
52 42 25 1248
46 42 6 1635
[88]
48 42 6 1430
47 42 6 1201
49 42 6 1374
50 42 6 1484
51 42 11 1500
LIST BY SUPPLY NODES
SUPPLY NODE DEMAND TRAV COST * DEMAND AVERAGE TRAV COST COST IF 
DROPPED
42 2118 1758005 830 2145725489
SUMMARY
FOR THE ASSIGNMENT WHICH FOLLOWS:
TOTAL DEMAND * TRAVERSAL COST IS 1758005
AVERAGE TRAVERSAL COST TO NEAREST SUPPLY NODE IS 830
SUPPLY NODE ID 42 
DEMAND SERVED IS 2118 
DEMAND * TRAVERSAL COST IS 1758005
AVERAGE TRAVERSAL COST FROM DEMAND TO SUPPLY NODE IS 830
COST IF DROPPED WITHOUT REPLACEMENT IS 2145725489
ALLOCATION
NODE DEMAND TRAV COST
1 5 1581
16 31 1111
15 43 920
3 9 1182
14 45 517
22 36 274
21 23 400
36 74 49
37 31 217
20 23 1325
19 34 1160
18 34 1174
17 11 1296
38 42 1196
39 11 1311
40 19 1147
41 8 1390
42 38 0
35 43 211
34 59 317
33 26 421
23 13 623
32 19 566
24 11 649
[89]
31
43
25 
13
7 
6
4 
12
5 
2
8 
1 1
26 
30
27
45
44 
29
28 
78
64 
63
65
75
76
77 
74
66 
68 
67
69
70 
73 
62 
60 
59 
61
71
72
57
58 
56 
55 
54 
53 
52
46
48
47
49
50
703
609
782
656
792
941
1149
723
979
1594
1284
970
919
843
965
754
788
1051
1140
1081
1001
1158
868
901
970
1040
741
629
550
608
387
502
662
131
276
475
1083
801
915
1207
1241
1357
1437
1187
1205
1248
1635
1430
1201
1374
1484
29
1 1
6
22
9
34
9
47
34
14
111
13
1 1
36
13
21
8
6
7
55
41
16
41
45
55
35
42
21
16
16
22
23
44
“t  •**
0 0
17
17
17
22
229
17
17
17
17
23
25
25
6
6
6
6
6
[90]
51 11 15 0 0
MOST EXPENDABLE SUPPLY NODE IS 42
WHICH WOULD INCREASE THE TOTAL COST B Y 2145725489
IF DROPPED WITHOUT REPLACEMENT
MAXIMUM TRAVERSAL COST IS 163 5 
FROM NODE 46 
TO CENTER 42
TOTAL DEMAND * TRAVERSAL COST IS 175 8005
AVERAGE TRAVERSAL COST TO NEAREST CENTER IS 830 
PERCENT REDUCTION IN TOTAL COST FROM STARTING SOLUTION IS 41.3818600  
PERCENT REDUCTION IN TOTAL COST FROM PRECEDING CYCLE IS 41.3818600
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